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SUMMARY 


The results of surveys of the near and far wake of the Galileo Probe are presented for Mach numbers from 
0.25 to 0.95. The trends in the data resulting from changes in Mach number , radial and axial distance , angle 
of attack , and a small change in model shape are shown in crossplots based on the data. A rationale for 
selecting an operating volume suitable for parachute inflation based on low Mach number flight results is 
outlined. 


INTRODUCTION 


The deployment, inflation, performance, and stability of 
a parachute in the wake of a payload to which it is attached 
are frequently sensitive to the velocity gradients of the wake 
itself. This sensitivity is expected to be particularly great for 
cases in which the wake diameter is comparable to that of 
the parachute because the radial velocity gradient is largest 
at the periphery of the parachute before the parachute is 
fully open. That is to say, a very small parachute (such as a 
drogue) may deploy and inflate satisfactorily in a large wake 
(because only small differences of imposed velocity occur 
near it), whereas a somewhat larger parachute might inflate 
slowly or not at all. In contrast, the larger parachute may 
inflate satisfactorily in the wake of a small payload — the 
usual configuration employed in parachute development and 
structural tests. The descent parachute configuration of the 
Pioneer Venus Large Probe (ref. 1) is believed to have exhib- 
ited a “reluctance” to open at Mach numbers above 0.6 both 
for the system tests in the Earth’s atmosphere and for the 
actual Probe during its flight in the atmosphere of Venus. 
The rather gradual inflation did not compromise the collec- 
tion of scientific data in the Venutian atmosphere because no 
critical events, such as entering a recognized cloud layer, 
occurred before the altitude for parachute deployment and 
inflation. In the case of the Galileo Probe (ref. 2), on the 
other hand, it is most important to deploy and inflate the 
parachute somewhat earlier, i.e., at higher Mach number, in 
order to remove the instrumented descent configuration 
from the aeroshell and permit operation of the cloud-analysis 
instrument before entering the first clouds in the postulated 
atmosphere of Jupiter. 


♦Mechanical Engineer, 276 La Cuesta Drive, Portola Valley, CA 
94025. 


During Earth-based flight tests to verify adequate system 
behavior for the Galileo flight conditions, however, the 
inflation was achieved at an undesirably low Mach number; 
once inflation was complete, the performance and stability 
proved to be the same as the earlier tests and flights. Rather 
than accept the loss of the scientific data and the risk of even 
further delayed inflation for the flight in the atmosphere of 
Jupiter, it was decided to investigate the reasons for the 
marginal behavior and to seek means to ensure prompt infla- 
tion at the desired flight Mach number. In order to relate the 
anticipated wake-survey data to the earlier experience, tests 
at conditions spanning those for both Venus and Jupiter 
were desired. Two types of tests were believed necessary in 
order to guide decisions on design variations: wake-flow 
surveys and tests of scale model parachutes. This report 
describes the wake-flow study and suggests a simple rationale 
for employing the summary plots derived from the data. 
Tests of a scale model parachute are reported in reference 3. 

TEST EQUIPMENT AND TEST FACILITY 

Probe Models 

The wakes of two one-eighth-scale models (6-in. diameter) 
of the Galileo Entry Probe aeroshell were surveyed in the 
NASA Ames 6- by 6-ft transonic wind tunnel to define the 
initial operating environment of the descent parachute. The 
principal configuration represented the expected form of the 
“ablated” Galileo Probe deceleration-module heat shield. The 
second configuration represented the “ballasted” configura- 
tion to be used in a planned system drop test to verify that 
parachute deployment, inflation, performance, and stability 
were satisfactory. The two model profiles are shown in fig- 
ure 1 . In addition to matching the forebody profile for the 


system drop test, the model in figure 1(b) also is essentially 
the same as that of the Pioneer Venus Large Probe; thus the 
results from both programs can be directly related. The prin- 
cipal difference between the latter model and the Pioneer 
Venus Large Probe is the short cylinder between the 45° 
half-angle cone and the base. In neither case was the form of 
the afterbody (from the rim of the cylinder aft) made to 
simulate a real configuration because of the expected insensi- 
tivity to the afterbody of the distant wake flow and most of 
the reverse-flow region. At high Reynolds numbers (above 
critical for transition), the flow separates at the cone-cylinder 
junction at subsonic and transonic speed. 

The models were affixed to the support structures at a 
pivot located 0.084 model diameter ahead of the base plane. 
Thus, when positive angles of attack were set, the center of 
the model base moved slightly in the direction of negative Z. 

The area surrounding the model noses was covered by a 
fairly densely spaced single layer of glass spheres out to a 
radius of 0.167 model diameter to assure early transition to 
turbulent boundary-layer flow. This feature in combination 
with the nominal test Reynolds number 1 .5 million, was used 
to assure good simulation of full-scale flow. A brief sequence 
of tests was run at Rep equal to 3 million and showed no 
alteration of flow patterns. 


Model Supports 

Two types of support were used during the tests. All of 
the data reported herein were obtained with the models sup- 
ported on the sting-strut assembly shown in figure 2. A few 
preliminary tests were run with the ablated-form model 
mounted conventionally on a long slender sting equipped 
with a fixed rake of five pitot-pressure tubes located 
2.6 model diameters from the model base. Tests were con- 
ducted with and without the strut in place about 0.3 model 
diameter from the base. The strut reduced the size of the 
wake significantly at M= 0.95; therefore, the two-diameter 
extension sting was installed to reduce the interference. 
Subsequent surveys with the traversing survey probe 
described later revealed a wake profile which matched that of 
the sting-mounted model much more closely. Directly com- 
parable tests using only the five-tube probe were not possi- 
ble, but it was concluded that support interference was 
reduced to a degree which would allow accurate determina- 
tion of data trends with Mach number, distance downstream 
and angle of attack, and model profile. The strut was stabi- 
lized with guy wires to avert possible coupled torsion- 
bending oscillations. 


Wake Survey Apparatus 

All of the data presented herein were obtained using the 
pitot-static probe illustrated in figure 3. Included on this 


probe were forward- and aft-facing pitot tubes; the forward- 
facing tube incorporated a coaxial static-pressure tube as well 
(four orifices at 0.29 model diameter from its tip). This spac- 
ing permitted good determination of flow properties in weak 
and moderately strong axial pressure gradients. The aft-facing 
pitot tube was about 1 model diameter downstream of the 
static-pressure taps, so that strong gradients made interpreta- 
tion of the data in the reverse-flow region difficult. After 
completing the far-wake survey, the forward-facing pitot- 
static probe was accordingly converted to aft-facing 
(fig. 3(b)) by bending it through 180°. The orifice nearest 
the inside of this bend was sealed with epoxy to avoid the 
strongest aerodynamic effects of the bend. Even with this 
alteration, the strong pressure gradients in the reverse-flow 
region required that the separation between pitot and static 
orifices be recognized in obtaining the data. This was accom- 
plished by traversing the probe in increments of 1.75-in. 
(0.29 model diameter) and using the measurement in adja- 
cent test sequence points to obtain spatially coincident mea- 
surements of pitot and static pressures. 

The same procedure can, in effect, be achieved with the 
far-wake results by interpolation of the static-pressure data 
to obtain coincident determination of the pressures; this has 
not been done in reducing the data because the gradients 
there are an order of magnitude less severe than in the 
reverse-flow region. 

Pitot and static-pressure measurements made using probes 
of this sort are degraded if the local flow is highly inclined 
(more than 10°) relative to the tube axis. Since this degrada- 
tion is small for angles less than about 10°, the only regions 
in the wake where errors are expected to be large are well 
removed from the axis in the near wake. Approximate 
numerical analysis of the wake profiles downstream of the 
model by more than 5 model diameters indicated that radial 
inflow into the accelerating wake resulted in inclinations of 
less than 3°. Unsteadiness of the flow in the wake doubtless 
interfered with the static-pressure determination; since the 
goal of the present surveys was to determine the qualitative 
influence of Mach number, position, and angle of attack on 
dynamic-pressure distribution, the small and slowly changing 
bias on the static-pressure measurement was ignored in 
studying the data. 

The pitot-static probe was located at the tip of the short 
radial arm so that as the survey assembly was rolled, the 
probe moved to the left or right to survey at positions other 
than the vertical plane of symmetry. The location of the roll 
mechanism is indicated in figure 4. 

Vertical positioning of the survey probe was accomplished 
by translating the wind tunnel model-support body of revolu- 
tion (BOR) by simultaneous operation of its two positioning 
screws. Streamwise positioning of the survey probe was 
effected by means of the linear-actuator mechanism con- 
nected between the probe arm and the roll mechanism. The 
maximum extension range of the linear actuator was slightly 
less than 4 model diameters; it was therefore necessary to 
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position the model-support strut at several stations along the 
test-section ceiling to achieve the full streamwise array of 
surveys desired. 

Deflections of Survey Apparatus 

As noted above, the entire survey apparatus was canti- 
levered from a large floor-to-ceiling strut located in the 
entrance to the wind tunnel diffuser. The maximum canti- 
lever length is approximately 12 ft. Late in the test program 
it was discovered that aerodynamic loads deflected the appa- 
ratus upward by an amount that is believed to be influenced 
by extension length, dynamic pressure, Mach number, roll 
position, and position relative to the model’s wake. Addi- 
tionally, backlash in the vertical-positioning drive may have 
yielded a small irregularity in vertical position, although cali- 
bration tests without airflow revealed no such effect greater 
than about 0.5% of the model diameter. The aerodynamic 
deflection, on the other hand, produced in one case a deflec- 
tion of at least 8% of the model diameter. As far as could be 
determined, this deflection was nearly constant for a given 
test condition and streamwise position of the survey probe 
(axial and roll), so that the shapes of the vertical profiles of 
dynamic pressure, Mach number, etc., were preserved, but 
the absolute position of the survey probe relative to the 
model axis was not accurately known. From a study of the 
flow-profile plots, the effect of the elastic deflection can be 
seen to yield a “movement” of the wake progressively in the 
+Z direction as the dynamic pressure increased; i.e., increas- 
ing Mach number at constant Reynolds number. A similar 
lateral deflection may have occurred as well, but observation 
was not possible. 

Interpretations of the profiles of flow properties were 
therefore based on the assumption that vertical deflection 
was constant throughout any one run, i.e., vertical traverse. 
Also, where effects of angle of attack were under study, it 
was assumed that deflection was independent of angle of 
attack. 


TESTS 

Most of the test period was spent obtaining the complete 
survey of the static and pitot pressure variations in the wake 
of the “ablated” model configuration supported on the strut. 
The matrix of test conditions and survey points is detailed in 
table 1. The abbreviated test matrix for the second, i.e., 
“ballasted,” model consists of runs 333 through 335. In this 
listing an entry is made in a column only at the run at which 
that parameter is changed. The special tests, designed to 
reveal the extent of support interference on the nominal 
wake properties, are not included. 

The test sequence was dictated by the most efficient use 
of tunnel time, except that the special support interference 


study was accomplished first to obtain early assurance that 
support interference would not be excessive. 

While the test airflow conditions were being established, 
the survey apparatus was maneuvered into the desired posi- 
tion: for height, Z, by raising the BOR conventionally used 
for model support, for lateral position, Y, by rotating the 
roll positioner on the BOR and extending the survey appa- 
ratus linear actuator to the desired streamwise position, X. 
Each run thereafter consisted of a vertical traverse to all the 
points at which measurements were needed. 

Succeeding runs were made at the remaining lateral posi- 
tions desired for the same axial station before moving to the 
next axial station. Once the three linear dimensions had been 
adequately surveyed, the next Mach number was established 
and the desired spacial survey was completed. The time 
required to position the survey probe was sufficient to assure 
equilibration of the pressure sensors without additional 
delay. 

The only occasions requiring breaks in the wind tunnel 
operation were those to adjust the streamwise location of the 
model-support strut and its guy wires, adjust the angle of 
attack of the model (by rotation about the pivot inside the 
model), or exchange the ablated model for the ballasted 
model. At each such break in the testing, the glass-bead 
boundary-layer trip area was inspected and refurbished as 
needed. 

RESULTS 

All of the wake-survey results for both the ablated and 
ballasted configurations supported on the short sting with 
strut are provided in table 2. Table 2 has been subdivided 
into four sections. Sections 2a and 2c present data for the 
ablated model shape with the pitot-static probe facing for- 
ward. Section 2b presents data for the ballasted model pro- 
file, and section 2d presents data for the ablated shape with 
the pitot-static probe facing aft. Data were taken at Mach 
numbers of 0.25, 0.60, 0.80, 0.85, 0.90, and 0.95 at a 
Reynolds number of 0.75 million based on model diameter. 
The pitot-static surveys yielded profiles of Mach number, 
dynamic pressure, velocity, and static pressure as functions 
of vertical position relative to the horizontal axis of the small 
sting at selected lateral positions and several axial stations 
between 1 and 11 model diameters downstream from the 
model base. 

Definitions of column headings are presented in table 2. 
To preserve direct accountability of the table, the actual run 
numbers and order of table 1 may facilitate rapid location of 
a desired test listing. Gaps in the number sequence represent 
runs made at a Mach number of 1.1; these runs were 
deleted because of serious disturbance of the flow by the 
normal-shock wave upstream of the linear actuator of the 
survey system. 
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A few unexplained anomalies have been observed in indi- 
vidual sequence (i.e., data-point) listings. These anomalies 
have not been deleted. 

Selected groups of runs have been plotted and cross- 
plotted in figures 5 through 8 to reveal the shape, Mach 
number, distance, and angle-of-attack effects on the proper- 
ties of the wake. In these plots attention is concentrated on 
the variation of the ratio of local dynamic pressure to free- 
stream dynamic pressure. Other parameters, such as velocity 
or pitot pressure, may be as meaningful in applying the 
results for various purposes. Sufficient information is tabu- 
lated so that such plots may be constructed. 

All of the tabulated results, with the exception of 
runs 367 through 390, are presented with no post-test altera- 
tion. These exceptions are the tests made with the modified 
(reversed by a 180° bend) pitot-static tube. In these tests, 
very strong axial gradients resulted in a large static pressure 
difference between the positions of the pitot and static pres- 
sure orifices. Therefore, the X increment used in these tests 
was selected so that the static pressure determined at a par- 
ticular sequence point could be used with the pitot pressure 
obtained at the previous sequence point. The tabulated data 
have been treated in this manner. 

With considerable effort the same kind of correction can 
be applied to the data from surveys at 3.5 model diameters, 
and farther, behind the base. There is little to be gained, 
however, because the pressure gradients are an order of mag- 
nitude less severe than in the reverse flow near the model 
base. 


DISCUSSION OF RESULTS 


Far-Wake Region 

The momentum defect in the wake of a simple nonlifting 
body is directly equivalent to the drag of the body. The 
wakes of the two aerodynamic models used in this study 
illustrate that the ballasted model has slightly less drag than 
the more bluff ablated model used in most of the tests. The 
profiles of dynamic pressure (fig. 5) show a smaller loss in 
the wake core of the ballasted model than in the wake core 
of the ablated model. The extent and precision of the surveys 
in this study are not sufficient to determine the absolute drag 
coefficients with great accuracy, but the difference is clear. 
While the two configurations showed only modest differ- 
ences in dynamic pressure loss (and gradients of dynamic 
pressure), much greater changes were observed for the 
ablated model as Mach number and distance from the model 
to the survey station were changed. The lower portion of 
each part of figure 6 illustrates the rapid increase of dynamic 
pressure in the wake core as the survey station is moved 
downstream from the wake stagnation point — 0 dynamic 


pressure. Even as far downstream as 1 1 model diameters, the 
continued recovery toward free-stream conditions is clear. 

This acceleration of the wake core is achieved at the cost 
of deceleration of the airflow immediately outside the wake; 
at all times the total loss in momentum flux must represent 
the model drag. This redistribution of momentum is summar- 
ized in the contour plots of constant dynamic pressure pre- 
sented in the upper portions of figure 6. At some distance 
downstream of the body, probably about 6 model diameters 
from the base, the profiles become “similar.” That is, when 
normalized to the maximum loss in velocity at the core and 
to the local wake diameter, the profile plots will remain 
unchanged. Once similarity is established, the radial gradients 
are seen to vary as the 1.5 power of the maximum loss at the 
core. 


The Effects of Angle of Attack 

The total drag of bodies like those tested in this study is 
quite insensitive to angle of attack, for angles of attack very 
much less than the body cone half angle; therefore the total 
change in loss of momentum in the wake was correspond- 
ingly slight as angle of attack increased to 20°. The genera- 
tion of even a modest lift force, however, results in the dis- 
charge of a trailing vortex system which rolls up into a vortex 
pair at great distances downstream. This vortex system causes 
the wake to move in a direction opposite to that of the lift 
vector. This deflection of the wake is the most prominent 
feature in the vertical profiles of dynamic pressure ratio at 
angles of attack of both plus and minus 10° and 20° (fig. 7). 
The surveys revealed no further major changes in the 
dynamic pressure profiles. 


Reverse-Flow Region 

In deploying the Galileo Probe parachute, it is necessary 
first to propel a small drogue through the near wake of the 
probe (where the flow moves toward the base). Further, the 
drogue must then remove the afterbody heat shield and drag 
it through the volume of reverse flow before the main para- 
chute can be drawn aft in turn. In order to permit estimation 
of the performance requirements placed on the drogue, the 
reverse-flow region was surveyed in detail using the modified 
pitot-static probe (runs 367 through 390). These data are 
summarized as contour plots of dynamic pressure in figure 8. 

The length of the reverse flow increases significantly as 
Mach number increases from 0.25 to 0.95. The relative 
severity of the reverse flow, on the other hand, diminishes. 

The dynamic pressure profiles deduced (from cross- 
plotting the data) to act along the axis of the flow core are 
shown in figure 8. 
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APPLICATION OF RESULTS TO DESIGN OF 
GALILEO PROBE PARACHUTE CONFIGURATION 

Experience with the Pioneer Venus Large Probe (ref. 1) 
and with the System Drop Test Configuration for the Galileo 
Probe (ref. 2) suggested a “reluctance” to inflate at Mach 
numbers above 0.60. In these cases the parachutes were 
deployed at approximately 5.5 Probe diameters behind the 
Probe base. The present data indicate that at this location 
and flight speed the loss of dynamic pressure near the wake 
core was severe and the wake diameter was comparable to 
that of the parachute itself. It is believed that these features 
combined to cause poor inflation. The result of increasing 
the Mach number was to aggravate the loss of dynamic pres- 
sure and increase the wake size. A slight aggravation was 
noted when the blunter shape of the Galileo (ablated form) 
was substituted for that of the Pioneer Venus Large Probe. In 
order to promote satisfactory parachute inflation for the 
more severe Galileo requirements, it is necessary, therefore, 
to find that region in the wake which appears to be more 
conducive to reliable inflation than that for the Pioneer 
Venus case at Mach 0.60. 

The mixing of external-flow air with the wake is found to 
produce a rapidly improving wake profile with increasing 
distance downstream. A comparison of the appropriate pro- 
files suggests that proper parachute inflation can be achieved 
for the Galileo at a Mach number of 0.80 by incorporating 
only a modest increase in deployment distance. 


CONCLUSIONS 


The wakes of the Galileo Probe and a system drop test 
configuration have been surveyed to determine the variation 
of flow properties between the model base and a station 
almost 11 model diameters downstream. 

It was found that (compared to the Pioneer Venus Large 
Probe) the wake of the more bluff configuration (the shape 
representative of the expected ablated heat shield after entry 
into Jupiter) had slightly larger dynamic pressure losses and 
that the severity of these losses increased markedly with 
Mach numbers from 0.25 to 0.95. Further, it was found 
that entrainment of adjacent air monotonically increased the 
wake size and the dynamic pressure in the core. 

It was also found that the length of the reverse-flow 
region immediately downstream of the model increased 
slightly with increasing Mach number whereas the relative 
severity of the reverse flow diminished substantially. 

A simple rationale was described whereby a region in 
which a parachute might be expected to inflate at high speed 
may be identified based on successful parachute operation at 
lower speed. 

Ames Research Center 

National Aeronautics and Space Administration 
Moffett Field, California, August 24, 1984 
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TABLE 1 TEST CONDITION LISTING 



























TABLE 2.- MEASURED WAKE PROPERTIES 


Run: 

Test P TN: 
CONF: 

5 

6 
7 

Mach: 

RN/L: 

PT: 

Q: 

P: 

TT: 

Alpha: 

Seq: 

X/DB: 

Y/DB: 

Z/DB: 

MF/M: 

MA/M: 

QF IQ: * 
QA/Q: 
VF/V: 
VA/V: 

CP: 

PF: 

PF/P: 


Heading Definitions 

Serial number within the test program. 

Identifier for the entire test program. 

Configuration of model and support system. 

Ablated model mounted on short sting and strut supported from ceiling of wind tunnel test section; forward- 
facing pitot-static probe. (Sections 2a and 2c.) 

Ballast-profile model supported as in 5. (Section 2b.) 

Ablated model supported as in 5, except that pitot-static probe is bent to face downstream. (Section 2d.) 

Mach number in free-stream wind tunnel flow. 

Reynolds number per unit length (1 ft) in free-stream flow. 

Pressure in stagnation chamber upstream of wind tunnel test section, pounds per square foot. 

Dynamic pressure of wind tunnel free-stream airflow. Q = 0.7 M 2 X P, pounds per square foot. 

Static pressure of wind tunnel free-stream airflow, pounds per square foot. 

Temperature of air in stagnation chamber of wind tunnel, °F. 

Inclination of model axis to an intersecting line parallel to the free-stream direction. 

Serial number of data record within run. 

Distance from model base to streamwise station of pitot orifice on pitot-static tube, diameters of model base. 

Horizontal component of distance from axis of short sting to pitot orifice on pitot static tube, diameters of 
model base. 

Vertical component of distance from axis of small sting to pitot orifice of pitot-static probe, diameters of model 
base. 

Ratio of Mach number determined from measured pitot and static pressures on the pitot-static probe to Mach. 
As above, but using the pressure acting on the aft-facing pitot probe. 

Ratio of dynamic pressure acting on pitot-static probe to the free-stream dynamic pressure. 

As above, but using the pressure acting on the aft-facing pitot tube. 

Ratio of air velocity deduced from pitot-static tube to free-stream velocity. 

As above but using aft-facing pitot tube. 

Static pressure acting on pitot-static probe minus free-stream static pressure, all divided by free-stream dynamic 
pressure. CP = (PF - P)/Q. 

Static pressure acting on static pressure orifices of pitot-static probe, pounds per square foot. 

Ratio of static pressure acting on pitot-static probe to free-stream static pressure. 
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Table 2(a) 


Configuration 5 - Ablated model mounted on short sting and strut supported from ceiling of wind tunnel test section: 

forward-facing pitot-static probe. 
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PUN T S T P TN CCN'F VA CF PN/L PT G P TT ALPHA 

16C 571 1 66 5 C.8C0 1.516 751 220.7 453 66.3 0.00 

SFQ MATH Q X/DB Y/CB 7/DR MF/v ma/v qf/q qa/0 VF/V VA/V CP pf/p 

2 C.800 220.7 8.49 0.00 -2.03 0.883 0.792 0.894 0.035 1.016 
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PUN' TST P TN CCNF »ACH PN/L PT Q P TT ALPHA 

172 571 l 66 5 0.601 1.514 891 176.5 698 65.5 0.00 

SFQ MACH 0 X/DB Y/DR Z/D8 MF/» MA/M QF/0 OA/O VF/V VA/V CP PF/P 

1 0.601 176.5 1C. 87 -0.48 -2.04 0.984 C.973 0.985 0.020 1.005 
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RUN TST P TN CTNF MATH PN/L PT Q P TT ALPHA 

180 571 1 66 5 0.248 1.506 1891 78.1 1812 65.9 0.00 

S FQ MACH 0 X/CB Y/OB Z/OB *F/n CF/Q OA/Q VF/V VA/V CP PF/P 

1 0.248 78.1 10.87 -C.28 -2. 03 C.9S4 O.OOC C.987 C.000 0.994 O.OCO -0.019 0.999 
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RUN TST P TN CCMF vaTH RN/L PT G ° TT ALPHA 

190 571 1 66 5 0 .969 1.483 685 242.0 384 67.1 20.00 

SFC MACH 0 X/CB Y/OB Z/OB MF/V va/w qf/O QA/Q VF/V VA/V CP PF/P 

1 0.949 242. G 1C. 87 -0.48 -2.C5 C.974 0.969 0.973 0.033 1.021 
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PUN TST P TN CCNF MACH PN/L °T C P IT ALPHA 
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RUN TST p TN CCNF VAfF PN/L PT C P TT ALPHA 

196 571 1 66 5 C.9CC 1.474 651 231. e 4C9 65.3 20.00 

SEC MACH C X/CP Y/DR Z/CP MF/Y ma/V QP/Q OA/U VF/V V A /V C,P PF/P 

l 0.900 231.5 €.49 -C.C1 -2.03 0.886 0.818 0.900 0.072 1.041 
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RUN TST P TN CCN P vftCH PN/L PT C ° TT ft L PH A 

198 571 1 66 5 0.849 1.497 724 227.9 452 67.9 20.00 

SFQ MACH 0 X/DB Y/DR Z/HP *F/* ma/v QF/Q CA/Q VF/V VA/V CP t»F/P 

1 0.849 227.9 8.49 -0.01 -2.02 C.91C 0.825 0.920 0.015 1.008 
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PUN T ST F TN CCNF MCH FN/l PT C P TT ALPHA 

226 571 I 66 5 C.953 1 .482 688 244. C 384 69.8 -20.00 

SFQ MACH C X/CB Y/CB 7/DP MF/Y QF/0 OA/u VF/V V A /V CP PF/P 

1 0.953 244. C 1C. 87 -C.43 -2.04 0.968 0.959 0.972 0.038 1.024 
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RUN TST P TN fTNF VACH PN/l PT Q P TT ALPHA 

254 57 1 1 66 5 0.252 1.515 1876 75.4 1754 63.9 -20.00 

SEC MACH C X/C3 Y/OP Z/C R M F/Y MA/« QF/Q QA/Q VF/V V A /V C p p F/P 

1 0.252 79.4 IC.88 -C.48 -2.05 C.98? 0.000 0.965 0.000 0.983 O.OCO 0.002 1.000 
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RUN TST P TN CCNF MACH RN/L PT C P TT ALPHA 

258 571 1 66 5 0.745 1.51C 1874 78.1 1754 67.5 -20.00 

SEC MACH 0 X/CB Y/OB Z/CP mf/v «a/M QF/O OA/Q VF/V V A /V C D PF/* 5 

1 0.245 78.1 8.49 -C.45 -2.03 G.55C O.COO 0.581 0.000 0.950 0.000 -0.007 1.000 
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RUN TST P TN CTNF VACH RN/L PT C P TT ALPHA 

276 571 1 66 c C.8C2 1.513 754 272.7 493 69.2 10.00 

SFC MACH 0 X/CB Y/DB Z/CB MF/" MA/M QF/Q 0A/0 VF/V VA/V CP PF/P 

1 0.8C2 222.3 8.49 -C.Cl -2.C2 C.85C 0.802 0.900 0.029 1.013 
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PUN TST P IN CGNF VACH PN/l PT C 0 TT ALPHA 

286 571 1 66 5 0.600 1.5G7 896 177.2 702 69.4 10.00 

SEC MACH 0 X /OR V/D 3 Z/CR wp/w ma/M QF/O QA/Q VF/V VA/V CP PF/P 

1 C. 600 177.2 8.49 -0.45 -2.03 0.979 C.965 0.980 0.027 1.007 
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RUN TST P TN CCNF RACF RN/L PT C P TT ALPHA 

298 571 1 66 5 0.952 1.483 692 745.1 386 71.6 -10.00 

SFC MACH Q X/CB Y/CB Z/08 MF/R VA/M QF/Q OA/Q VF/V VA/V CP PT/P 

1 0.952 245.1 10.87 -0.48 -2.04 0.970 0.963 0.975 0.036 1.023 
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RUN T ST P TN CCN'F W ACH PN/L PT C P TT ALPHA 

304 571 1 66 5 0.904 1.482 709 238.5 417 74.0 -lU.GO 

SEC MACH 0 X/DB 7/0* Z/QB »F/* MA/« QP/0 OA/Q VF/V VA/V °p/p 

1 0.904 238.5 8.49 -0.01 -2.03 0.930 0.879 0.939 0.030 1.017 
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RUN' TST P TN CCNF VACH PN/L PT C P TT ALPHA 

314 571 1 66 5 0.799 1.517 773 326.9 5C7 77.6 -10.00 

SFQ MACH 0 X/PB Y/PB 2/CR mp/v ma/v qp/q OA/Q VF/V V A /V CP 

1 0.799 226.5 S.48 -C.45 -2.C3 C.975 C.973 0.9bl 0.035 1.015 
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RUN TST P TN CCNF VAfH PN/L PT C P TT ALPHA 

316 571 l 66 5 C.601 1.520 518 181.8 719 76.1 -10.00 

SFC MACH C X/CB Y/CB Z/C8 MF/v ma/v qf/Q OA/Ci VF/V VA/V CP PF/ P 

1 0.601 181.8 1C. 87 -C.03 -2.04 C.921 0.853 0.926 0.018 1.005 
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PUN TST P TN CfNF *ACH RN/L P7 C P TT ALPHA 

318 571 1 66 5 0.6C1 1.521 918 18l.fi 719 75.8 -10. OQ 

SFC MACH 0 X/C8 Y/DP Z/C8 MF/w MA/M QP/Q OA/Q VF/V VA/V CP PF/P 

l C.6C1 181.8 1C. 87 -C.A8 -2.CA C.589 C.984 0.990 0.020 1.005 
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PUN TST P T N CCNF V4CF ON/L PT C P TT ALPHA 

326 571 1 66 5 0.250 1.512 1911 80.2 1829 72.0 -10.00 

SFQ MACH Q X/DB Y/DB 7/OB WF/V Mft/v Qf / Q QA/Q VF/V VA/V C° Pc/o 

1 0.250 80.2 10.87 -0.68 -2.06 0.988 0.C0C 0.976 C.000 0.9d3 0. CCO -0.001 1.000 
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TABLE 2(b) 


Configuration 6 - Ballast-profile model as supported in Configuration 5. 
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Table 2(c) 


Configuration 5 - Ablated model mounted on short sting and strut supported from ceiling of wind tunnel test section 

forward-facing pitot -static probe. 
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RUN’ TST P TN CCNF MACH RN/L PT C P TT ALPHA 

336 571 l 66 5 1.102 1.508 678 265.3 317 7C.6 0.00 

SCO MACH Q X/CB Y/OB Z/CB MF/M ma/M GF/Q OA/Q VF/V V A /V CP PF/P 

2 1.102 269.3 5.49 C.44 -1.C5 C.982 0.973 0.985 0.012 1.010 
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1 1.058 272.6 3.25 C.C2 1.58 C.833 0.857 0.859 0.279 1.236 


ORIGINAL PAGE IS 
OF POOR QUALITY 


i> o^NP'^nooooco 

fO ri fT (T, fO M 



f^CDCOCDODNhhOl^ 

pmcmcmpmcmpmcmcm^cm 

«•••••«••• 

oooooooooo 


o 

N» 

NO 


CO 

o 

f\l vt 

cr 

o 

in 

tn 

in 

ITS 

tn 

*0 

O n 0 


N- 

CO 

cO 

co 

00 

00 

CO 

TO 00 

CO 

00 

• 

• 

• 

• 

• 

9 

9 • 

• 

9 

o 

o 

o 

o 

o 

o 

0 

0 

o 

o 


CO 

IT. 

< 

sO 

n- 

cr 

o <r 

cr 


m 

in 

in 

in 

in 

m 

nO NO 

sC 

r- 

co 

CO 

00 

co 

GO 

CO 

CO CO 

00 

00 

• 

• 

• 

• 

» 

• 

• 9 

• 

• 

o 

o 

o 

o 

o 

o 

0 

0 

o 

o 


rouo'Hpgio^aW’in 
pn m cm pn m r m m ^ <• 

COOOOOCOCCCOOOODOOW 

999*999999 

CJ CJ CJ CJ o cj o cj o cj 


tucucoa^tur-f^r-h-i^ 

crcrcro''crcrcr<rcrcr 



CMrMCMCMCMPMCMPMfHpH 

CJCJOOCJOCJCJOCJ 

*•••#••*•* 

OOCJCJCJCJOCJOCJ 


NT 

rn 

cm 

cm 


pH 

ph 

PM 

rvi 

in 

pn 

>r 

ix> 


r~ 

CO 

cr 

CP 

•H 

CM 

• 

• 

t 

9 

• 

9 

• 

• 

9 

• 

rn 

m 

pi 

m 

m 

m 

H3 

NT 

NT 

<r 


u> 

m 

m 

INI 

o 

CO 

cm 

CM 

IT 

<T 

9 

9 

9 

9 

9 

9 

9 

9 

• 

9 

PM 

<M 

cm 

<M 

pm 

CM 

m 

m 

CM 

m 

h- 

O" 

1^* 


r- 

N- 

r- 

r- 

h- 

r- 

PM 

rv 

PM 

<M 

rsj 

PM 

rvj 

cm 

CM 

CM 

' cr 

cr 

0" 

CO 

co 

00 

00 

CO 

h- 

O 

cr 


cr 

cr 

IT 

IT 

IT 

cr 

cr 

O 

o 

o 

o 

o 

O 

O 

O 

c 

o 

rH 

0 

i *-• 

9 

rH 

pH 

9 

pH 

r-J 


pH 

pH 

pH 

1 CM 

pn 

*T 

in 

<> 

r- 

00 

CP cj 

pH 


o. r-o^o*-trsjcoo 
V*pHphOOOOO^-* 
iLCJaocjocjcja 



a 

9 

9 

9 

9 

9 

9 

9 

9 



pH 

pH 

pH 

#H 

pH 

*— < 

pH 

iM 



pn 

cr 

oc 

c 


<r 

m, 

— l 



pn 

pH 

o 

o 

o 

o 

H 

CM 


o 

o 

o 

o 

o 

o 

o 

o 

O 


o 

• 

9 

9 

9 

9 

9 

9 

9 



o 

o 

o 

0 

1 

o 

o 

o 

o 


> 




















«a 










> 










> 

T3 

*H 

Nt 

CM 

CM 

o 

o 

>* 


s 

—4 

in 

00 

N. 

00 

o 


>* 


a. cr 

co 

N* 

n* 

r*. 

00 

00 

O' 


p> 

9 

9 

9 

9 

9 

9 

9 

9 



o 

o 

o 

o 

o 

o 

a 

o 

< 

o 









X 

O O 









CL 

9 S 










o < 









< 

CP 











r* c> 

cr 

Mf 

in 

CM 

o 

o 

m 

NC 


9 


cn 

O 

co 

O 

CO 


cr 

CO 

K 

U. 

or 

c- 

in 

IT 

IT 

M3 

nC 

a; 


r- 

o 

9 

9 

9 

9 

9 

9 

9 

9 




o 

o 

o 

o 

o 

o 

o 

o 


fw 

x. 









a 

in 

>v 










<r 

C 











T 





















9 

9L 

ou 

UA 

fn 

o 

pH 

o 

cr 

NO 

CP 

CM 


C' 

PT) 

NU 

in 

MJ 

00 

m 



m 

LL 

cr 

CO 

P«- 

r- 


n* 

00 

cr 


CM 

5l 

9 

9 

9 

9 

9 

9 

9 

9 






CO 

Ck> 

o 

o 

c? 

in 


<r 










h- 

co 

or 

U3 

>r 

m 

CM 

cu 

m 

CM 

m 

a. 

r~ 

CP 

o 

in 

o 

rM 

rj 


MP 

cr 



V. 

9 

9 

9 

9 

• 

9 

9 

9 



fsl 

*H 

CP 

O 

o 

a 

o 

o 

o 

-J 

nO 


1 

1 

1 






\ 

CT 











<r 

cn 

CM 

CM 

CM 

fM 

CM 

CM 

CM 

CM 

cx 

9 

CJ o 

O 

O 

o 

C3 

a 

O 

O' 




9 

9 

9 

• 

9 

9 

9 

9 



>- 

o 

CJ> 

o 

o 

o 

o 

o 

o 

X 

CM 


1 

1 

1 

1 

t 

1 

1 

1 

LJ 

lr^ 










<1 

00 

cr 

cr 

00 

cr 

Cr 

cr 

cr 

cr 

cr 


9 

CJ 

cr 

W" 

cr 

IT 

cr 

cr 

O' 

cr 


o 

\ 

9 

9 

9 

9 

9 

9 

9 

9 



X 

MP 

M0 

MP 

nU 

NL: 

MO 

M? 

NO 

u 

U', 










5? 











L J 











C2 



pH 

f\l 

CM 

w 

nT 

O 

CP 

r- 


NO 

c* 

CM 

PM 

CM 

pH 

pH 

pH 

fH 

O 

H* 

NO 


m 

cn 

PC 

m 

pc 

m 

cn 

m 




CM 

CM 

CM 

CM 

CM 

PM 

CM 

CM 

a 

pH 












X 

CM 

CM 

CM 

CP 

Cr 

00 

00 

h- 



o 

m 

m 

in 

«A 

'T 

<r 


MT 

in 

r- 

<r 

co 

co 

00 

CO 

00 

co 

oc 

CO 

h~ 

tn 

5^ 

9 

9 

9 

9 

9 

9 

9 

9 




o 

o 

c 

o 

o 

a 

o 

o 


cn 

o 

pH 

CM 

m 


in 

N U 

P— 

00 


lj w 

a rn t/i 


G CM fO IA O r-« IT ih <r 
'NfM^OOCOO^ 

itoooooouc 


CL 

9 

9 

9 

9 

9 

9 

9 

9 



H 

pH 

*H 

pH 

*H 

PH 

P-* 


r 

in 

cr 

pH 

pn 

o 

pn 

OP 


Nt 

CM 

o 

o 

O 

Pp4 

pH 

CM 

G 

o 

o 

o 

o 

O 

c 

o 

O 

U 

9 

9 

9 

9 

9 

9 

9 

9 


o 

c 

a 

o 

o 

o 

o 

o 


I 




> 











N 











C 











> 











> 

O 

MD 

M> 

m 

00 

pH 

00 

PM 



N 

pH 


pH 

cr 

03 

m 

PM 

>r 



UL 


ao 

r- 

s0 

^0 

PH 

00 

cr 



> 

9 

9 

9 

9 

9 

9 

9 

9 




o 

o 

o 

o 

o 

o 

o 

o 

< 

O 










X 

o 

Of 









Cl 

9 

N 









-J 

o 

< 









<T 


O 










pn 

c? 

nO 

NO 

«H 

r- 

in 

m 

pH 

in 

J— 

9 

s 

nj 

cr 

00 

nT 

m 

m 

nO 

00 


*4- 

CL 

00 

vO 

Nt 

sT 

n4- 

in 

MD 

00 


r- 

C? 

9 

9 

9 

9 

9 

9 

• 

9 




o 

o 

o 

o 

o 

o 

O 

o 



3T 









G 

in 

V 











c 





















cc 











9 

* 

cr 

cr 

CM 

CO 

NT 

ou 

O 


C« 

o 


cr 

PM 

cr 

NO 

r- 

CM 

pH 

m 


P0 

CL 

00 

cc 

NO 

M0 

nC' 

fH* 

00 

cr 


CM 


9 

9 

9 

9 

9 

9 

9 

9 




o 

o 

o 

o 

c? 

o 

LJ 

CJ 


r> 










H- 

n 

a 

>r 

M? 

<r 

pn 

cr 

o 

CM 

NO 

G- 

fs~ 

CJ 

o 

in 

o 

pH 

CM 

<r 

NO 

cr 



v. 

9 

9 

9 

9 

9 

9 

9 

t 



NJ 

pH 

o 

o 

o 

o 

o 

o 

o 

•J 

CM 


1 

1 

1 







cr 











<r 

or 

o 

o 

c? 

o 

o 

o 

a 

o 

Ct 

9 

O 

o 

CO 

o 

CJ 

o 

o 

CJ 

CJ 


pH 


9 

9 

9 

• 

9 

9 

9 

9 



>• 

o 

o 

CJ 

O 

CJ 

o 

o 

CJ 

X 

cr 











MT 










< 

00 

cr 

cr 

cr 

cr 

cr 

cr 

cr 

cr 

cr 

pfc. 

* 

<u 

>r 

<r 

<r 

nT 


NT 

nT 

NT 


o 


9 

9 

9 

9 

9 

* 

9 

9 



X 

U3 

in 


m 

UY 

U 3 

in 

U3 

LL 

1X3 










X 











CJ 











C2 



00 

o 

cr 

cr 

ou 

NT 

cr 

pH 

ir 

NO 

o 

o 


H 

fH 

pH 

•H 

CJ 

o 

K 

MO 


m 

cn 

pn 

PC; 

pn 

m 

pn 

fn 




r: 

CM 

CM 

C\ 

CM 

PM 

PM 

CM 

CL 

pH 












X 

cr 

cu 

O 

O 

o 

cr 

cr 

n0 

H* 

fH 


^T 


in 

in 

m 

nT 


>T 

00 

r- 

<T 

OC 

cc» 

co 

oc 

co 

CO 

00 

CO 

K 

in 

? 

9 

9 

9 

9 

9 

9 

9 

9 




a 

o 

o 

o 

o 

o 

o 

o 

X, 

o 

CJ 

•H 

CM 

m 

NT 

1X3 

NO 

r- 

00 

3 

U3 

UL 









a 

m 

in 










113 



run tst p tn ccnf van- rn/i pt c p tt alpha 

351 571 1 66 5 0.851 1.406 733 231.6 457 74.2 0.00 

SEC MACH C X/CR Y/OP Z/DP MF/V MA/M QF/O OA/g VF/V VA/V CP PF/P 

1 0.851 231.6 3 . 5 ? C.C 2 - 1.03 C .926 0.889 0.934 0.073 1.037 
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Table 2(d) 


Configuration 7 — Ablated model mounted on short sting and strut supported from ceiling of wind tunnel test section 

aft -facing pitot-static probe. 
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RUN TST P T A CCNF varn RK/L bt q P TT ALPHA 

369 571 1 66 7 0.950 1.485 685 243.5 385 68.8 0.00 

SFO M ACH Q X/C8 Y/D* Z/CP MF/W MA/M QF/0 QA/Q VF/V VA/V CP P p /P 

1 0.950 243.5 C.53 C.C1 0.40 0.267 0.184 0.053 0.025 0.289 0.199 -0.407 0.743 

2 0.949 243.0 0.8? C.C1 0.40 0.265 O.COC 0.051 C.000 0.286 0.000 -0.441 0.72? 
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RUN TST P T K CCNF MACH PN/L PT C P TT ALPHA 

383 571 1 66 7 0.601 1.513 SOC 178.5 705 70.3 0.00 

SPO MACH C X/C3 Y/r P Z/OB MF/M MA/M QF/Q QA/U VF/V V A /V CP PF/P 

1 C.6CI 178.5 C . 53 C.Cl 0.18 0.208 0.244 0.080 C.054 0.308 0.252 -0.382 0.003 
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6C1 178.5 7.44 -C.C2 0.23 C.0CC C.000 0.000 0.041 1.010 
6C0 177.9 3.73 -0.C2 0.23 C.0CC 0.000 0.000 0.011 1.003 
6C2 178.5 4. Cl -C.C3 0.23 0.011 1.003 
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ALL DIMENSIONS NORMALIZED TO MODEL DIAMETER 
MODEL DIAMETER = 6 in. 
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Figure 2.- Model and sting-strut support. 
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Figure 3.— Pitot-static probe. 
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Figure 7.- Effect of angle of attack on dynamic-pressure profiles, X/Dg = 8.5, Af = 0.80, = 0.75 milli on 












Figure 8.— Continued. 
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Figure 8.- Concluded. 
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